Febrile convulsions affect 2 to 5% of all children under the age of 5 years. These convulsions probably have a variety of causes, but a genetic component has long been recognised. A large and remarkable family is described in which febrile convulsions appear to result from autosomal dominant inheritance at a single major locus. A gene for febrile convulsions was excluded from regions of previously mapped epilepsy genes and extension of exclusion mapping, using microsatellite markers, to the entire genome implied that a locus on chromosome 8q13-21 may be involved. Linkage analysis of markers on chromosome 8 gave a multipoint lod score of 3 40, maximised over different values of penetrance and phenocopy rate, for linkage between the gene for febrile convulsions and the region flanked by markers D8S553 and D8S279. This lod score was calculated assuming the disease has a penetrance of 60% and a phenocopy rate of 3%. Although there was no indication of linkage other than to markers on chromosome 8, linkage remains suggestive rather than significant because ofthe maximisation procedure applied. The support for linkage involving a major gene, as opposed to an alternative hypothesis of a complex inheritance pattern, relied upon the assumption of low penetrance. (J Med Genet 1996;33:308-312) 
Febrile convulsions are seizures usually occurring between 3 months and 5 years of age, associated with fever but without evidence of intracranial infection or other defined cause.' They account for the majority of all childhood convulsive disorders, with 2-5% of all children likely to have at least one febrile convulsion.2 Although these seizures are benign, in some cases (<4%) afebrile seizures may occur at a later date.3 A family history of febrile convulsions is often found, which could indicate a common environmental or a genetic basis. A range of genetic models has been proposed to explain the reported family history of febrile convulsions including autosomal recessive, autosomal dominant, and polygenic or multifactorial inheritance. 4 Even if the majority of genetically determined febrile seizures arise from polygenic inheritance, study of rare families in which the disorder is caused by a major locus may enable its identification by linkage analysis.
Linkage between febrile convulsions and a particular chromosomal region has not yet been established. This is in part owing to difficulty in identifying single large families suitable for a successful linkage study. During a twin study of the epilepsies, a large Australian family with an autosomal dominant pattern of febrile convulsions was ascertained.5 Segregation of the phenotype in a single family provides a unique opportunity to identify the chromosomal location of a gene for this important childhood disorder. This eliminates interfamilial genetic heterogeneity as a confounding effect in linkage analysis. Nevertheless, the possibility of intrafamilial genetic heterogeneity remains, and the sensitivity of the analysis is reduced by incomplete penetrance and the possible presence of phenocopies. Despite this, genetic linkage analysis suggested that a locus on chromosome 8q1 3-21 may be associated with febrile convulsions in this family.
Materials and methods

THE FAMILY
Linkage analysis was performed on a large Australian family spanning three generations (fig 1) . Family members underwent a structured interview, developed from a previously published seizure questionnaire6 with additional specific questions regarding onset, timing, frequency, and circumstances of febrile seizures.
Twenty-three subjects in this pedigree were identified with seizures and four were excluded from the analysis. Subject IV-8 had seizures associated with an early fatal childhood encephalopathy and was regarded as having a different condition. Subject III-26 had febrile convulsions but is unrelated to the test family; therefore he and his two affected children (IV-37, IV-38) were also omitted.
The other 19 Once the gene was assigned to a chromosome, two point lod scores (using data from the entire family) were recalculated using various conditions. These included a range ofpenetrances from 60% to 80%, and inclusion of a 3% phenocopy rate. Multipoint lod scores were calculated for the same conditions described above using LINKMAP from the LINKAGE package.'2 Four microsatellite markers were used in each LINKMAP run; for each subsequent run one new marker was incorporated into the analysis, and one marker from the previous run dropped. In this way the disease Based on the assumption that the gene is located on chromosome 8, all of the 16 affected subjects tested had the same genotype, and 13 unaffected subjects were apparent carriers. Three of these (II1, III5, III-12) are obligate carriers. This indicated a penetrance of around 60%, rather than 80% as first assumed. Based on this finding the markers in table 2B were reanalysed at 60%, 70%, and 80% penetrance (table 3). The two point lod score rose from 2-25 at 80% penetrance to 2-82 at 60% penetrance.
Another factor that may be affecting the analysis is the presence of phenocopies. Given that the occurrence of febrile convulsions in the population is around 3%, there is the possibility of two or three phenocopies in this large family (88 subjects). One affected subject (III26) was obviously a phenocopy because he was not related to the family of interest. Although this person and his children were omitted from the overall study, his spouse and two affected children had the chromosome 8 marker haplotype associated with the disease genotype. This suggested that the mother could be a carrier and that her children's febrile convulsions could be the result of inheritance of a gene from their mother. Subject III-32, who had only a single convulsion, may also be a phenocopy because his unaffected father (II-10) does not have the marker haplotype associated with the disease.
To account for possible phenocopies, the data were reanalysed at 60%, 70%, and 80% penetrance with a 3% phenocopy rate (table  3) . The inclusion of a phenocopy rate in the two point analysis decreased the lod score, because the affected subjects are now considered possible phenocopies. At 60% penetrance the multipoint lod score determined by LINKMAP analysis rose to 3 40 when a 3% phenocopy rate was included. To ensure the rest of the genome was still excluded when a penetrance of 60% and a 3% phenocopy rate was used, two point lod scores of 290 markers were reanalysed using these conditions. The lod scores were then examined using the EX-CLUDE program (table 1C) Exclusion mapping throughout the human genome showed that the most likely position of the febrile convulsion gene is chromosome 8q13-21. All of the affected subjects tested have the same genotype at this position (III32 was not tested), highly supportive of the assumption that the gene is in this area. However, 13 unaffected subjects (including three obligate carriers) also have the same genotype, suggesting a low penetrance of 60 to 65%. When the possibility of phenocopies was taken into consideration, by incorporating a 3% phenocopy rate, the maximum multipoint lod score was 3 40 between D8S553 and D8S279 (60% penetrance). The region on chromosome 8 flanked by these markers covers approximately 8 cM on the Genethon linkage map.8 Maximisation of the lod score over different penetrance and phenocopy values can inflate the lod score. On that basis, these linkage data must be regarded as suggestive rather than significant.
If a major gene for febrile convulsions in this family maps to this region of chromosome 8 it might be identified by the positional candidate approach.'4 Candidate genes in this region of chromosome 8 include corticotrophin releasing hormone'5 and calbindin.'6 Using rat models, studies showed that both of these genes may have some involvement in seizures.'718 Other candidate genes, on the basis of neural expression, include peroxisomal assembly factor-11' and peripheral myelin protein-2.20
Detection of linkage would support a hypothesis of autosomal dominant inheritance of a major gene in this family, with the phenotypic manifestations of one or more febrile convulsions. This is conditional upon one or more modifier loci mapping elsewhere, or an unknown environmental effect modifying the expression of a major locus on chromosome 8. If further linkage analyses applied to other families fails to confirm that a febrile convulsion gene maps to chromosome 8, then there are two possibilities. One is that febrile convulsions are genetically heterogeneous. The other possibility is that the disorder may not be the result of inheritance of a single major locus. The 
